Substrate phosphorylation catalyzed by the insulin receptor tyrosine kinase. Kinetic correlation to autophosphorylation of specific sites in the beta subunit.
The kinetics of insulin-stimulated autophosphorylation of specific tyrosines in the beta subunit of the mouse insulin receptor and activation of receptor kinase-catalyzed phosphorylation of a model substrate were compared. The deduced amino acid sequence of the mouse proreceptor was determined to locate tyrosine-containing tryptic peptides. Receptor was first incubated with unlabeled ATP to occupy nonrelevant autophosphorylation sites, after which [32P]autophosphorylation at relevant sites and attendant activation of substrate phosphorylation were initiated with [gamma-32P]ATP and insulin. Activation of substrate phosphorylation underwent an initial lag of 10-20 s during which there was substantial 32P-autophosphorylation of tryptic phosphopeptides p2 and p3, but not p1. Following the lag, incorporation of 32P into p1 and the activation of substrate phosphorylation increased abruptly and exhibited identical kinetics. The addition of substrate to the receptor prior to ATP inhibits insulin-stimulated autophosphorylation, and consequently substrate phosphorylation. Insulin-stimulated autophosphorylation of the receptor in the presence of substrate inhibited primarily the incorporation of 32P into p1 and drastically inhibited substrate phosphorylation. From Edman radiosequencing of 32P-labeled p1, p2, and p3 and the amino acid sequence of the mouse receptor, the location of each phosphopeptide within the beta subunit was determined. Further characterization of these phosphopeptides revealed that p1 and p2 represent the triply and doubly phosphorylated forms, respectively, of the region within the tyrosine kinase domain containing tyrosines 1148, 1152, and 1153. The doubly phosphorylated forms contain phosphotyrosines either at positions 1148 and 1152/1153 or positions 1152 and 1153. These results indicate that insulin stimulates sequential autophosphorylation of tyrosines 1148, 1152 and 1153, and that the transition from the doubly to the triply phosphorylated forms is primarily responsible for the activation of substrate phosphorylation.